The information contained in this trouble shooting guide on microarray hybridizations is based on "The Molecular Cloning Manual: DNA Microarrays" from Bowtell and Sambrook, as well as the large amount of experience gained from hybridization experiments performed at the DGRC. All of the images are taken from DGRC produced and hybridized microarrays.
High-quality subarray
Summary: A successful hybridization should yield an image similar to the one below. The spots should appear round, evenly sized and spaced across the array. Depending on your hybridization probe and scanner used, there should be a dynamic range of spots that appear red, yellow, and green. The range of intensity should fall within the dynamic range of 0 to >60,000 counts for both channels, where strictly only two to three spots exceed the scanner's readable intensity range (saturation point), while containing several spots that are close to the saturation point. There should be little to no particulate matter, scratches, or any other artifacts on the slide. Lastly, the background intensities surrounding the spots should be as low as possible, ideally <200. The majority of spots should be yellow in color (i.e. equally expressed), with a small percentage of the spots showing low to no yellow signal (i.e. low or no expression spots). 
High non-uniform background

Summary:
The slide will show a pattern of high irregular background that appears to be streaked across the surface of the slide. This streaking is often due to inadequate rinsing and/or centrifugation of the slides during a wash series. It can appear on one or both channels depending on what reagent dried onto the slide ---SDS, salts, etc. SDS will fluoresce in the red channel (~647 nm) while salt will fluoresce in the green channel (~555 nm).
Causes:
• Improper washing before centrifugation.
• Failure to remove labeled cDNA from the slide surface.
• Failure to remove any residual solution, like SDS, from the slide surface.
• Drying in between post-hybridization washing steps.
• Array surface not entirely level.
• Degraded reagent in the hybridization buffer.
Suggested Solutions:
• Use large wash volumes to more readily dissipate any hybridization solution left on the slide surface.
• Do not let slides dry between wash steps.
• Make sure washes are done for the recommended time and are being agitated.
• Avoid excessive use of SDS in wash solutions.
• Pre-set centrifuge to avoid drying.
• Adequately store and keep track of reagents used for hybridization. 
Bubbles
Summary:
An air bubble has impeded access to the target resulting in little to no signal in this region. This is caused by an air bubble caught under the coverslip, which dispels any probe from that area. Also, air bubbles can be outlined by fluorescence caused by an accumulation of hybridization buffer surrounding it. Smaller air bubbles tend to dissipate during hybridizations performed above room temperature.
Causes:
• Improper setting up of the coverslip on the slide.
• Dirty or malformed coverslips.
• Bubbles in the hybridization solution placed on the slide surface and before the coverslip is added.
Suggested Solutions:
• Make sure the setup of the coverslip on the array is done properly.
• Avoid bubbles in the hybridization solution prior to placing the coverslip on the array. Bubbles in the hybridization solution can be popped with a low-volume pipette tip.
• If bubbles do occur under the coverslip, gently press down on the coverslip to move bubbles out from under the coverslip. Be careful not to press hard enough to disperse hybridization solution out from under the coverslip.
• Make sure coverslips are cleaned and free from damage. 
Doughnuts
Summary:
Spots with an uneven distribution of DNA that appear dark in the middle and fluoresce on the perimeter are often referred to as doughnuts. This spot irregularity can be caused by unsuitable array printer settings and/or selecting incompatible pin, slide and/or spotting buffer for printing.
Causes:
• Improper array printer settings.
• Damaged pins on the array printer.
• Incompatible pin, slide and/or spotting buffer.
Suggested Solutions:
There is nothing that can be done with shipped slides to improve this problem. The DGRC produced microarrays are quality control inspected for defects of this nature, but if a slide or group of slides have a great deal of doughnut shaped spots, please notify the DGRC for further assistance. 
Drying on slide
Summary: Very strong and irregular background intensity due to drying of the hybridization solution to the slide. This often occurs on the edges of the slide.
Causes:
• Not providing an environment suitable for keeping the hybridization solution from drying out.
• Hybridizing the array in a low humidity environment.
• Hybridizing the array for an extended period of time.
• Hybridizing the array at a high temperature.
Suggested Solutions:
• Make sure the hybridization chamber has a humid environment.
• Make sure the hybridization chamber is airtight.
• Consider using a different hybridization solution that would allow you to decrease the temperature of hybridization. Formamide based hybridization solutions can be used to decrease the hybridization temperature.
• Do not hybridize your slides past the suggested time. 
Faded edges
Summary: Spot intensities dramatically fade off at the edge of the slide. This is caused by an irregular distribution of probe across the target or, alternatively, an irregular distribution of target for the probe to access.
Causes:
• Uneven distribution of the probe over the slide surface.
• Improper positioning of the coverslip on the slide.
• Condensation around the edge of the coverslip that will dilute the probe.
Suggested Solutions:
• Make sure your slide and hybridization chamber have been properly set up.
• Make sure probe is well mixed in the hybridization solution before placing on the array.
• Make sure the hybridization environment has proper humidity.
• Consider using a higher volume of hybridization solution. 
High all-around background
Summary:
The overall background is high and uniform across the slide. Slides will appear notably yellow or green across the entire slide. This high degree of background can be caused by inadequate washing of slides after printing or hybridization, poor blocking of slide, or inadequate storage conditions.
Causes:
• Poor washing after printing of the slides.
• Poor washing after hybridizing the slides.
• Inadequate blocking of the slide surface during pre-hybridization.
• Absence of blocking agents in the hybridization buffer.
• Inadequate storage of slides.
Suggested Solutions:
• Increase the volume and time of your post-hybridization washes.
• Make sure the hybridization solution is appropriate for the slide surface. DGRC microarrays are printed on Corning® GAPS(Gamma Amino Propyl Saline) II coated slides.
• Ensure the labeled cDNA has been properly cleaned up prior to hybridization.
• Include some type of blocking agent into the hybridization buffer. There are many hybridization buffer recipes that address this issue by adding agents such as COT-1 human DNA, Salmon Sperm DNA, Poly(dA), etc.
• Make sure the appropriate concentration of blocking agent is present in the pre-hybridization buffer. Also make sure the slides have been washing in the pre-hybridization buffer for at least an hour.
• Store slides at their suggested storage conditions and check expiration date before using. 
Irregular spot morphology
Summary:
Occasionally there will be a spot or two that are highly irregularly shaped. This occurs during the printing process and is caused by a broken pin or defective pin.
Causes:
• Damaged pins.
• Splashing of a foreign solution onto the slide.
Suggested Solutions:
There is nothing that can be done with shipped slides to improve this problem. The DGRC produced microarrays are quality control inspected for defects of this nature, but if a slide or group of slides have a great deal of malformed spots, please notify the DGRC for further assistance. 
Localized high background
Summary:
Spots of high intensity appear to have elevated local background that is seemingly drawn from the spot itself. This problem can be caused by poor processing of the arrays after printing, or during post-hybridization washes.
Causes:
• Poor post-processing of the slides where excess DNA from the printed spots are not properly washed off the slides.
• Overloading the binding capacity of the slide surface with a high concentration of DNA.
• Poor fixation of the DNA to the slide surface.
• Post-hybridization washes done at an overly high temperature.
• Hybridizations done at an overly high temperature.
Suggested Solutions:
• DGRC microarrays are optimally printed with DNA at a concentration of between 100-250 ng/µl. However, some spots may have a higher concentration due to uncontrollable printing conditions. The DGRC microarrays are quality controlled tested and this effect should be at a minimum if proper procedures are followed. If the DGRC microarrays are consistently producing high localized background, please contact the DGRC for further assistance.
• If your hybridization temperature is above the Corning GAPS II suggested hybridizations temperature of 42°C, try and reduce the temperature, but not lower than the recommended 42°C.
• Avoid doing any post-hybridization washes in excess of 55°C. 
Weak spot intensity
Summary:
The spots on the array are detected but the intensity range is very low. The low signal can be a product a low concentration of probe or inadequate scanner settings. .
Causes:
• Labeling of probe cDNA is poor.
• Poor cDNA synthesis during reverse transcription.
• Starting RNA partially or completely degraded.
• Poor labeling of cDNA.
• Hybridization buffer is to dilute.
• Scanner settings are low.
Suggested Solutions:
• Measure the concentration of cDNA before and after fluorescent probe labeling to make sure the labeling reaction is producing appropriate amounts of labeled cDNA.
• Make sure the concentration of labeled cDNA in the hybridization solution is at least 100ng/µl.
• Adjust the scanners voltage gain (PMT) settings to increase the spot intensities. 
Particle Contamination
Summary:
The array appears to have some fine particulate matter spread across areas of the array (Figure 11 ). There may also be large particles of dust that spread across the slide surface (Figure 12) .
Causes:
• Salt, protein, or particles that are present in the hybridization buffer.
• Dust from bench area falling on the slide surface.
• Dirty coverslips.
Suggested Solutions:
• Clean work area prior to experiments.
• Use powder-free nitrile gloves.
• Keep slides in a protected from any particulates at all times.
• Filter hybridization solution and wash buffers before use (0.2 µm filter).
• Make sure centrifuge is free of dust.
• Clean coverslips by dipping in isopropanol and drying with oil-free compresses air.
Figures 11 & 12: Particle Contamination
Black holes
Summary:
There are places on the array where the background intensity is high, while the spot intensity is extremely low, giving the appearance of black holes.
Causes:
• Absence of blocking agents from the hybridization buffer.
• Inadequate blocking of the slide surface from pre-hybridization.
• Poor probe clean up.
Suggested Solutions:
• Make sure the hybridization solution is appropriate for the slide surface. DGRC micorarrays are printed on Corning® GAPS(Gamma Amino Propyl Saline) II coated slides.
• Ensure the labeled cDNA has been properly cleaned up before placing on the slide.
• Make sure the appropriate concentration of blocking agent is present in the pre-hybridization buffer. Also make sure the slides have been washing in the pre-hybridization buffer for at least an hour. 
Comet tails
Summary:
Unbound DNA that forms a streak from right to left across the array. Comet tails can be a product of inadequate washing technique during the post-print washes, insufficient baking or when a high DNA concentration is used to print.
Causes:
• Over-saturating the capacity of the slide to bind DNA by printing with a very high DNA concentration.
• Inadequate post-printing conditions and/or method.
• Faulty slides • Slides baked below suggested the temperature and/or time
Suggested Solutions:
